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I. INTRODUCTION
The production and application of engineering nanoparticles (ENPs) are increasing rapidly due to their relatively specific characteristics compared to their bulk counterparts. Ref. [1] - [3] the wastewater treatment plant (WWTP) effluent is the main source of the ENPs in aquatic ecosystems. Ref. [4] fate describes the possible transport and destination of a substance. After the ENPs release into freshwater, many behaviors may occur (such as dissolution, aggregation, and transformation [5] ) which are usually addressed as the fate of ENPs. Essentially, dissolution of ENPs is a transformation process from their solid form to the dissolved ionic form or other intermediates. Ref. [6] there are two important elements related to dissolution: solubility and dissolution rate. Solubility is the maximum amount of a solute (in this study is the ENPs) that a solvent can hold in solution at certain conditions. Dissolution rate presents how long it takes to get the saturation concentration of a solute. Solubility is an endpoint, while dissolution rate is a kinetic process. Although the solubility and dissolution rate are different concepts, they are related. Based on the famous Noyes-Whitney equation, when dissolution is limited by diffusion, dissolution rate has positive correlation with solubility [7] .
The dissolution of various ENPs could differ from each other vastly due to their different physical-chemical properties. However, even the same ENPs may have very different solubility and dissolution rate because of the different environmental conditions. For example, titanium dioxide nanoparticles (nano-TiO 2 ) were assumed to be practically insoluble in freshwater in many studies, [8] , [9] while they were confirmed being able to dissolve in acid aqueous NaCl solutions (pH < 3) at temperatures of 25 and 37 ℃. [10] Dissolution of zinc oxide nanoparticles (nano-ZnO) was observed with 7.18-7.40 mg/L dissolved Zn in pure water, but with much higher dissolved Zn concentration (> 34 mg/L) in a cell culture medium [11] .
In order to appropriately assess the potential environmental impact of ENPs, many fate models have been developed to predict the fate of ENPs in various environmental media, particularly the aquatic media. Ref. [8] , [12] a recently published research has demonstrated that there are many factors affecting the output of fate model, such as dissolution rate of ENPs, diameter of suspended particles in freshwater, depth of freshwater. Among them, dissolution rate is one of the most significant factor for many subcontinental regions [12] .
However, directly modeling the dissolution of ENPs to understand its influence on fate of ENPs is difficult. Many factors may affect dissolution of ENPs in freshwater, such as temperature, pH, ion strength, natural organic matters. Ref. [5] , [13] Even though some studies have described the dissolution kinetics of ENPs under extreme oxidative, acidic, or alkaline conditions, [14] the modeling of dissolution rate of ENPs in freshwater is complex and still in its infancy. Ref. [11] , [12] therefore, in practice, as an acceptable simplification, the dissolution rate constant of ENPs in freshwater is assumed to be 0-10 -5 s -1 for different ENPs. [14] In this study, four important input parameters of a fate model were selected. The influences of k diss on fate model were indirectly investigated by studying the influences of k diss on the relative importance of the four selected parameters.
II. METHODS

A. Fate Model for Enps in Freshwater
Recently, a fate model based on colloid science has been 
3, · · · ) represents input parameters (such as radius of ENPs, depth of freshwater). More detailed information about the fate model could be found in the study of Pu, et al. [12] . 
B. Sensitivity Analysis of Fate Model
Since the input values of fate model may vary in different literature sources, a sensitivity analysis for studying the influences of main input parameters on output results was carried out in previous study. [12] By doing this, it was possible to determine which input parameter should receive more attention in the future. One of the methods used in the study was labeled as "Single Parameter SA". [12] It was performed by varying each selected parameter within its range while holding the others constant. There were 13 parameters involved in total. The recommended values and ranges of main input parameters are listed in Table II . The first five parameters with high relative importance follow the order shown in (1), while the relative importance of the other studied parameters was at least 3 orders of magnitude lower compared to the first fives. [12] k diss > r LSP > ρ SNP > α 2 ≈ Depth water (1) where k diss is the dissolution rate of ENPs in freshwater; r LSP is the radius of larger suspended particles (LSP, > 450 nm) in freshwater; ρ SNP is the density of the suspended particles in freshwater; α 2 is the attachment efficiency between ENPs and LSP; Depth water is the depth of freshwater. [12] , [18] C
. Sensitivity Analysis with Different Dissolution Rate
In the sensitivity analysis of fate model in the study of Pu et al. [12] , the k diss of ENPs was set as 5· 10 -6 s -1 as shown in Table II by the method "Single Parameter SA" when assessing the other parameters' relative importance. However, because the k diss of ENPs is the most important parameter for many studied regions [12] and could be any value between 0 and 1· 10 -5 s The values and ranges of the four parameters (r LSP , ρ SNP , α 2 , and Depth water ) are listed in Table II . All the other parameters are considered as constants and can be found in the study of Pu et al. [12] The method for doing sensitivity analysis is the same as "Single Parameter SA" by software MATLAB. [12] , [19] When one parameter (δ) changes its value in its range, the other parameters stay as constants. In this way, a maximum (FF(δ) max ) and minimum (FF(δ) min ) value can be obtained. The difference between FF(δ)max and FF(δ)min is defined as DFF(δ):
The value of DFF(δ) represents the relative importance of the parameter δ for one given region. The tables in Appendix list the relative importance of the four studied parameters (r LSP , ρ SNP , α 2 , and Depth water ) in 17 subcontinental regions for ENPs' fate model, when the k diss respectively equals 0 (Table III), 1· 10 -7 s -1 (Table IV) , 5· 10 -7 s -1 (Table V) , 1· 10 -6 s -1 (Table VI) , 3· 10 -6 s -1 (Table VII) , 7· 10 -6 s -1 (Table VIII) , and 1· 10 -5 (Table IX) . The results related to k diss = 5· 10 -6 s -1 were described in the study of Pu et al. [12] Here, three scenarios were shown by Fig. 2. Fig. 2(a ) between the two extreme situations. It is obvious that the relative importance of a certain parameter for the same region under different dissolution rates of ENPs has big differences. The scales of vertical axis for the three scenarios are 10 3 (k diss = 0, Fig. 2(a) ), 10 2 (k diss = 1· 10 -7 s -1 , Fig. 2(b) ) and 10 1 (k diss = 1· 10 -5 s -1 , Fig. 2(c) ), respectively. In addition, the relative importance of different parameters differs from each other even under the same dissolution rate of ENPs. For example, the relative importance of r LSP for W6 region (2300.812) is more than 700 times higher than for W3 region (32.302).
III. RESULTS AND DISCUSSIONS
A. Relative Importance of Four Studied Parameters in 17 Subcontinental Regions
B. Influence of Dissolution Rate on Relative Importance of Four Studied Parameters
When dissolution rate was fixed to one value, the relative importance of one studied parameter (such as r LSP and ρ SNP ) for all the regions were calculated by summing the relative importance values of the same parameter for all the 17 subcontinental regions. The results are shown in Fig. 3 . The relative importance of the four studied parameters follows the order below:
This order is the same as the one reported in the study of Pu et al., which demonstrates that the change of dissolution rate will not change the priority of other parameters. However, it should be noted that the relative importance values of the four studied parameters decrease along with the increasing dissolution rates. The relative importance values have dropped dramatically with the dissolution rate lower than 1· 10 -6 s -1 , while they decrease gradually with the dissolution rate between 1· 10 -6 and 1· 10 -5 s -1
. Fig. 3 . Influence of dissolution rate on relative importance of the four studied parameters (r LSP , ρ SNP , α 2 , and Depth water ) for 17 subcontinental regions.
The four curves in Fig. 3 were fitted by an exponential associate function using Origin 9.0, respectively. All the four coefficients of determination (R 2 ) are higher than 0.999, which indicates that the fitting is quite successful.
The fitting equation is shown in (5) and the values of fitting parameters are listed in Table X .
where y represents the relative importance of one given parameter (i.e. r LSP , ρ SNP , α 2 , and Depth water ) for 17 subcontinental regions and x is the dissolution rate of ENPs. e is the mathematical constant which is approximately equal to 2.71828. Interestingly, the relative importance of one studied parameter (such as r LSP , ρ SNP ) for one subcontinental region (W1, W2, JAP, etc.) can also be well fitted by (5) . One example of JAP region is shown in Fig. 4 . The fitting parameters and coefficients of determination are listed in Table XI . The results for other regions are listed in tables from Table XII to Table XXVII , respectively. Equation (5) and the parameters listed in Table X, Table  XI -XXVII can be very practical for predicting the relative importance of the four studied parameters (r LSP , ρ SNP , α 2 , and Depth water ) in 17 subcontinental regions (in total or in separate) by just introducing the k diss value as input data. It is noteworthy that although all the fitting parameters were calculated essentially based on the previous fate model and the recommended values in literature, [12] the results reported in this study can be expediently updated with new available data.
IV. CONCLUSION
Modeling the fate of ENPs in freshwater is a way to estimate the persistence time of ENPs. Various input parameters (e.g. radius and density of ENPs, depth of freshwater) have different influences on the output of ENP's fate model. Dissolution rate (k diss ) of ENPs plays an important role in estimation of ENPs' fate in freshwater. It also has significant influence on the relative importance of the other input parameters. The relative importance of the four studied parameters (r LSP , ρ SNP , α 2 , and Depth water ) decreases along with the increasing k diss values. The results are well fitted (R 2 > 0.999) by an exponential associate function which could be used for predicting the relative importance of the four studied parameters in 17 subcontinental regions (in total or in separate). 
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